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Abstract
Many countries where scrub typhus is endemic use their own cutoff values for antibody titres to differentiate between cured cases and cur-
rent infections. To establish an antibody titre cutoff value, one needs to investigate the seroprevalence in endemic areas, and the duration
of the increase in titre after complete cure. We conducted a follow-up study of anti-Orientia tsutsugamushi antibody titres using indirect
immunofluorescence assays (IFA) and passive haemagglutination assays (PHA) in patients with scrub typhus. After the onset of symptoms,
IgM antibody titres increased gradually over 2–3 weeks, peaked at about 4 weeks, and started to decrease rapidly between 4 and 5 weeks.
At 1-year follow-up, the median IgM value was 1:10. Out of 77 patients who were tested at that time, 36 (47%) had IgM titres ‡1:20, and
none had titres exceeding 1:80. Over the first 2 weeks, IgG antibody titres increased sharply, peaked at about 4 weeks and decreased
rather gradually thereafter, with a median titre of 1:128 maintained up to the 18th month. At 1-year follow-up, five out of 77 patients
(6.5%) had titres ‡1:1,024 and 57% had titres ‡1:128. Based on these results, a cutoff value of ‡1:160 for IgM antibody should differentiate
between previous and current infections in endemic areas such as Korea and Japan, where scrub typhus occurs mainly in the autumn.
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Introduction
Scrub typhus is an acute febrile disease common in Asian
countries such as Korea, Japan, Malaysia and Thailand [1]. As it
cannot be differentiated from leptospirosis, murine typhus and
haemorrhagic fever with renal syndrome, on the basis of clini-
cal symptoms alone, its definitive diagnosis is established by
identifying Orientia tsutsugamushi in the blood during the febrile
stage, or by detecting increased antibody titres against O. tsuts-
ugamushi during the acute and convalescent stages [2,3].
Recently, detection of a gene specific for O. tsutsugamushi has
been used for diagnosis [4,5]. When serological methods are
used, many endemic countries use their own cutoff values for
antibody titres to differentiate between cured cases and
current infections. These cutoff values differ between
countries depending on the degree of aboriginality and pattern
of occurrence. To establish a cutoff value, one needs to inves-
tigate the seroprevalence in endemic areas and the duration of
the increased titres after complete cure. As there have been
few systematic studies of the kinetics of the antibody response
[6], we carried out a follow-up study of antibody titres against
O. tsutsugamushi measured by indirect immunofluorescence
assay (IFA) and passive hemagglutination assay (PHA).
Materials and Methods
The study included adult patients aged ‡18 years with acute
febrile disease of recent onset who visited Chosun University
Hospital or one of its two community-based affiliated hospitals
(Jangheung Hospital and Haenam Hospital) located in the
southern part of Korea. The definitive diagnosis of scrub
typhus was based on (i) a four-fold or greater increase in IgM
and IgG antibody titers measured by IFA, (ii) a four-fold or
greater increase in antibody titers measured by PHA, and (iii)
positivity for the gene encoding the 56-KDa antigen in a nested
PCR assay. Patients or their parents gave informed consent
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after being given a complete description of the study protocol.
Patients with scrub typhus underwent antibody tests with
blood samples taken every 7 days for 1 month after the start
of treatment, every 3–6 months during a 1-year period, and
thereafter at 1.5, 2 and 3 years. We excluded patients with evi-
dence, from clinical features and laboratory tests, of infectious
disease such as murine typhus, leptospirosis, haemorrhagic
fever with renal syndrome and systemic lupus erythematosus.
To determine the seroprevalence of antibody titres against
O. tsutsugamushi, titres were measured with informed consent
in healthy subjects who underwent a health screening pro-
gramme at the three aforementioned hospitals. This study was
approved by the Institutional Review Board of our hospital.
IFA was used to detect IgM and IgG antibodies against a
standard mixture of O. tsutsugamushi antigens (Gilliam, Karp,
Kato and Boryoung) using a modification of the method pre-
viously described by Robinson et al. [7,8].
PHA was performed using a Genedia TsuTsu PHA II test
kit (GreenCross SangA, Yongin city, Kyunggi-do, Korea).
This kit is currently used to quantitatively and qualitatively
analyse antibodies against O. tsutsugamushi in human sera; it
employs sheep red blood cells (RBCs) sensitized to recombi-
nant 56-KDa protein from a Boryoung serovariant of O. tsuts-
ugamushi specific for Korea, as well as the Karp and Gilliam
serovariants of O. tsutsugamushi [9].
Nested PCR assays were performed using a modification of
the method of Furuya et al., as previously described [8,10,11].
Results
General characteristics of the participants
Out of the 490 patients with possible scrub typhus, 317
were confirmed by antibody assays or PCR; of these, 152
were assayed for antibody titres at least once after the 3rd
month after initial diagnosis. The mean age of the patients
with confirmed scrub typhus was 62 years and the ratio of
males to females was 32:68. The healthy control group, used
to determine seroprevalence, consisted of 138 males and
135 females with mean age 47.1 years.
Antibody titres during follow-up
IgM antibody gradually increased over a period of 2–3 weeks,
peaked at about 4 weeks, and began to fall at about 5 weeks
(Fig. 1). In contrast, the IgG antibody titre increased abruptly
from the outset, peaked at 4 weeks, and then decreased
more slowly than the IgM antibody. The IgG titre was main-
tained at a relatively low value for 2 years (Figs 1 and 2).
Although the data in Fig. 1 hint at an increase in PHA anti-
body titre at 18 months and a decrease in IgG antibody titre
at 5 weeks, the low number of patients involved makes any
inference of doubtful significance.
Seropositivity of IFA antibody titres against O. tsutsugamushi
according to sampling time after symptom onset
The 2007 Korea Center for Disease Control and Prevention
(KCDC) guidelines for diagnosis of infectious disease specify
cutoff values ‡1:16 for IgM antibody and ‡1:256 for IgG anti-
body. At a cutoff value ‡1:16 for IgM antibody, 40 (42%) out
of the 95 patients who underwent antibody tests within
7 days of symptom onset had positive reactions, 76% at
2-week follow-up, 84% at 3-week follow-up and 96% at 4-
week follow-up (Fig. 2a). At a cutoff value of 1:256 for IgG,
40 (42%) out of the 95 patients gave positive reactions, 80%
at 2-week follow-up, 90% at 3-week follow-up and 93% at 4-
week follow-up (Fig. 2b). If a cutoff value measured by PHA
of 1:320 is adopted, as specified by the 2007 KCDC guide-
lines for diagnosis of infectious diseases, 14 (26.4%) out of
53 patients gave positive reactions within 7 days of onset of
symptoms and 39 (60%) out of 65 patients gave positive
reactions at 2-week follow-up. Less than 60% of the patients
gave positive reactions for PHA at the 3- to 6-week follow-
up (Fig. 2c), so that approximately 40% of the patients would
not be diagnosed with scrub typhus even although follow-up
sampling for PHA was carried out more than 3 weeks after
onset of symptoms.
Antibody titers against O. tsutsugamushi measured by IFA
in healthy subjects
IFA was performed to determine the seroprevalence of
scrub typhus in 273 healthy subjects who attended a health
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FIG. 1. Changes in median antibody titres
with time in confirmed scrub typhus patients.
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screening programme. Two of the subjects had IgM titres of
1:80, one had a titre of 1:40, seven had titres of 1:20 and six
had titres of 1:10 (Table 1). The remaining 257 subjects were
negative at 1:10. For IgG antibodies, one of the subjects had
a titre of 1:256, five had titres of 1:64 and two had titres of
1:32. Only two of the subjects had a history of scrub typhus;
one of these had a 2-year history and was negative for both
IgM and IgG antibodies, and the other had a 4-month history
and had an IgM titre of 1:20 and was negative for IgG.
Discussion
IFA is known as the gold standard diagnostic method for
scrub typhus [12]. However, the choice of cutoff values for
positive diagnosis is complicated by factors such as antibody
kinetics, geography, negative seroconversion and seasonality.
Our analysis revealed a more rapid increase in IgG antibody
titre than in IgM antibody titre in scrub typhus patients during
the first 1 to 2 weeks, and an increase in the IgM antibody
titre thereafter. While both IgG and IgM peaked at 4 weeks,
the IgM titre then decreased abruptly, whereas the IgG titre
(a) (b)
(c)
FIG. 2. Changes in antibody titre with time in 152 patients with confirmed scrub typhus. (a) Indirect immunofluorescence assay (IFA) IgM titres.
(b) Indirect immunofluorescence assay (IFA) IgG titres. (c) Passive haemagglutination assay (PHA) antibody titres.
TABLE 1. Seropositivity rates defined with immunofluorescent
antibodies against Orientia tsutsugamushi in inhabitants of
Cholla Province, Korea
Ig M No. CP* Ig G No. CP*
0 257 100 0 265 100
1:10 6 5.9 1:32 2 2.9
1:20 7 3.7 1:64 5 2.2
1:40 1 1.1 1:256 1 0.4
1:80 2 0.7
Total 273 Total 273
*CP, cumulative percentages.
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decreased gradually from the 3rd month onwards. These
unexpected results are different from those reported by Lee
et al. [6]. The latter workers proposed that, because all their
patients had titres of £1:20 at 1-year follow-up, a titre of 1:40
is a diagnostic criterion for scrub typhus. However, in our
study, the median IgG titre measured by IFA remained at
1:128, and several patients had much higher titres (Fig. 1, 2).
Blacksell et al. [12] reported antibody titre cutoffs for
scrub typhus varying from 1:10 to 1:400, with 1:400 being
the most frequently adopted. Cutoff values for a positive
diagnosis of scrub typhus are reported to differ significantly
in different geographical areas. The cutoff values used in
Thailand and Malaysia (1:50–1:400) differ from those adopted
in Japan and Korea (1:10–1:40). At the high cutoff ratio of
1:400, the IgM antibody titre in most patients showed
negative seroconversion 6 months after infection, whereas at
a cutoff value of ‡1:160, the IgM antibody titre in most
patients showed negative seroconversion 1 year after infec-
tion. However, at a cutoff value of 1:10 to 1:40, as adopted
in Korea and Japan, 36 out of 77 patients (47%) had IgM
titres ‡1:20 at 1-year follow-up.
According to the KCDC, 99.1% (6,422/6,480) of the
patients diagnosed with scrub typhus in 2007 were identified
during the autumn season between September and Decem-
ber [13]. Because scrub typhus occurs mainly in the autumn
in Korea and Japan, information on the duration of the
antibody response, particularly at 1-year follow-up, is essen-
tial for choosing a cutoff titre. Saunders et al. [14] reported
that at 1-year follow-up, 61% of Malaysian patients showed
negative seroconversion at a cutoff value of 1:50, and
Bourgeosis et al. [15] reported that at 8-months follow-up,
six out of 11 patients showed negative seroconversion at a
cutoff of 1:40. In the present study, at 1-year follow-up, 29%
(22/77) of the patients gave positive results at a cutoff value
of ‡1:40 for IgM antibody, and 62% (48/77) gave positive
results at a cutoff value of ‡1:64 for IgG, indicating that a
low cutoff value does not differentiate between previous and
current infections. Such differentiation may be achievable by
using a cutoff value of ‡1:160 for IgM.
In the present study, none of the patients showed an abrupt
increase in antibody titres in parallel with the onset of symp-
toms which would indicate re-infection. Nor was there a sig-
nificant relationship between fieldwork, with possible frequent
exposure to mites, and the incidence of re-infection. This is
based on the lack of a significant difference in antibody titre, or
change of antibody titre, during 3-year follow-up between
high-risk patients with agriculture-related occupations (four or
more instances of fieldwork per month) and low-risk patients
with non-agriculture-related occupations (three or less
instances of fieldwork per month), data not shown.
At a cutoff value of ‡1:16 for IgM antibody, the percent-
age of patients giving positive reactions would range from
42%, when tested within 7 days of the onset of symptoms,
to 96% at 4-week follow-up (Fig. 2). However, if we adopted
a cutoff value of 1:160 for IgM antibody, the percentage of
patients giving positive reactions would range from 17% at
1-week follow-up, to 74% at 4-week follow-up, which repre-
sents a 20% decrease in the diagnostic sensitivity. Therefore,
physicians should be alert to the facts that the meaning of
antibody titres may differ depending on the time between
onset of symptoms and sampling, and that the diagnostic sen-
sitivity depends on the cutoff value selected.
As use of a single antibody cutoff value to diagnose scrub
typhus may not differentiate previous and current infections,
confirmation of a four-fold or more increase in the antibody
titre using follow-up tests is recommended for correct diag-
nosis of current infections [7]. We noted that not all patients
showed a four-fold or more increase in antibody titre at the
follow-ups. In our study, the PHA test was repeated within
1 month of first admission to our clinic in 66 patients. Of
these patients, 45(70%) showed a four-fold increase in anti-
body titre defined by PHA. At the follow-ups, 60 (61%) out
of 99 patients who were tested showed a ‡4-fold increase in
IgM antibody, and 71(72%) showed a four-fold or greater
increase in IgG antibody. If such an increase in either IgG or
IgM antibody is adopted as confirmation, 78% (77/99) of the
patients would be diagnosed with scrub typhus, in which case
more than 20% of patients would not be confirmed as having
scrub typhus even if IFA serology follow-up took place.
Although the criterion of a four-fold or more increase in
antibody titre can be used for the definitive diagnosis of
scrub typhus in patients who have clinical symptoms sugges-
tive of this disease, follow-up testing is actually not easy in
clinical practice. For example, it may be difficult for patients
to visit a clinic regularly at the appointed follow-up times.
For this reason, the most practical approach would be
to use a four-fold or more increase in antibody titre as the
criterion, along with either cutoff values that exclude
cross-reactivity and previous infection, or genetic tests
including PCR.
Most sero-epidemiological studies have adopted a single
cutoff value between 1:10 and 1:400, with 1:50 being the
most commonly adopted [12]. In the present study, in which
we used the 2007 KCDC guidelines for the diagnosis of
infectious diseases, 4% (10/273) of healthy subjects showed
IgM seropositivity at a cutoff value of ‡1:16 for IgM antibody,
and only 0.4% of subjects showed IgG seropositivity at a cut-
off value of ‡1:256. Seropositivity for an IgM titre of ‡1:16
or an IgG titre of ‡1:256 was detected in 4% (10/273) of the
subjects. At a cutoff value of 1:40 for IgM, 1.1% (3/273) of
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subjects showed IgM seropositivity, and at a cutoff value of
‡1:64 for IgG, 2.2% (6/273) of subjects showed IgG seroposi-
tivity. Although these seroprevalence results indicate that
the 2007 KCDC guidelines are acceptable, their upper value
needs to be adjusted in light of the follow-up findings over 1
or more years. Further data on the seroprevalence of scrub
typhus from large-scale nationwide studies are needed to
adjust these cutoff values. In addition, in order to adopt a
single cutoff value as a diagnostic criterion for scrub typhus,
further studies on cross-reactivity to O. tsutsugamushi anti-
body as measured by IFA are required in patients with feb-
rile diseases such as haemorrhagic fever with renal
syndrome, leptospirosis, murine typhus, typhoid fever,
malaria and drug fever.
In conclusion, we have traced the changing pattern of
antibody titres according to duration after symptom onset
in scrub typhus patients. The IgM antibody titre gradually
increased over 2–3 weeks after onset of symptoms,
reached its peak at about 4 weeks and started to decrease
rapidly between 4 and 5 weeks. The IgG antibody titre
increased abruptly over the first 2 weeks, reached its peak
at about 4 weeks and decreased rather gradually thereafter,
maintaining a median titre of 1:128 up to the 18th month.
Based on these results, in endemic areas such as Korea
and Japan where scrub typhus occurs mainly during the
autumn season, the use of a cutoff value of ‡1:160 for IgM
antibody can differentiate between previous and current
infections.
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